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长寿命，高可靠性等优点。但是市场上主流的 LED 都是基于(0001)面 GaN 的器
件，由于在量子阱中存在极化电场，导致大量的电子空穴分离，降低了器件的
光效。非极性和半极性解决上述问题的方法之一，是世界各国研究的热点问题，
本论文就半极性（10-11）GaN 在（001）Si 图形衬底的生长进行了研究: 
一、 本文研究了衬底斜切角，以及衬底工艺对（10-11）GaN 半极性薄膜生长
的影响：Si(001)斜切角的大小影响条纹之间的愈合行为，从而影响表面形貌
和结晶质量，8o off 的衬底最适合得到平整的表面形貌和结晶质量；在 SiO2
钝化 Si(-1-11)时，使用控溅射方法比电子束蒸发方法沉积的 SiO2 介质薄膜
更适合生长单晶 GaN 薄膜；清除 Si（111）沉积的 SiO2 需要用 BHF 清洗，
清洗 15-20s 的效果最好. 图形凹坑的深度和周期影响 GaN 的生长行为和应
力状态，对于生长连续薄膜，凹坑深度 0.6-0.8μm，周期 1/1μm 比较合适。 
二、 研究了温度，V/III 比，流量对 GaN 薄膜的生长影响；在初期形核阶段
最合适的温度是 1145oC；在条纹愈合阶段高温度和低 NH3 流量有利于得到
平整的表面形貌，在该阶段，1190oC 生长温度和 2.5SLM NH3 流量生长条件
下能消除表面的三角凸起形貌。同时对比了压强对生长的影响，在 1013mbar
的生长条件下，更容易得到平整的表面形貌， CL 和 PL 测量显示，在高压
生长条件下能提高薄膜的结晶质量，提高发光强度。 
三、 研究了半极性（10-11）GaN 条纹和以及愈合的平整薄膜上生长 InGaN
薄膜；在条纹上生长的 InGaN 沿端面的 In 组份和生长速度不均匀，降低压
















度是（0001）面 InGaN 生长速度的两倍，PL 测量显示，半极性（10-11）GaN
的 In 组份并入率要高于（0001）InGaN. 
















   This paper describes an innovative method for selective epitaxial growth 
semipolar (10-11) GaN on patterned Si (001) substrates. The nonpolar III-nitride will 
reduce the large internal electric fields which caused by polarization-related charges 
at the heterointerfaces. The polarization-related electric field leads to a spatial 
separation of the electron and hole wavefunctions. The devices of semipolar 
III-nitride increased the probability of radiative recombination and increased device 
efficiency, stabilized the wavelength, at the same time. Unfortunately, there also much 
problem exists, such as rough or facets surface, and the crystal quality.  
We have investigated the effect of patterned substrate prepare, temperature, 
pressure and NH3 flow rate on GaN growth mode. 
一、 About the substrate prepares; the 8o-off substrate will get the best 
surface morphology and crystal quality. In the second time deposited the SiO2 on 
(-1-11) plane, using sputtering is better than electron beam evaporation. After this 
deposition, some SiO2 will growth on Si(111) plane, that SiO2 will be totally 
remove by BHF water in 20 seconds. The depth and period distance will affect the 
strain. The best substrate pattern is depth 0.6-0.8μm, the period 1/1μm. 
二、 Temperature, V/III ratio and pressure will affect the growth mode of 
(10-11) GaN. At the nucleation stage, the best growth temperature is 1145
o
C. When 
the strips connect, decrease the NH3 flow rate and increase the temperature will 
improve the surface morphology. 
三、 When the growth temperature1190oC and NH3 2.5 SLM the swelled 
triangles will be eliminated. Using high pressure 1013mbar growth conditions, more 
easy to get smooth surface, the dislocation and stack faults will reduce at the 
















three fold than the 500 mbar growth condition. 
四、 Investigated the InGaN growth on (10-11) GaN strips and flat film. 
When growth on the (10-11) strips using 2/8μm pattern, the In compositions and 
growth rate is uniformity along the corss-section direction. Decreasing the NH3 flow 
rate and pressure will improve the uniformity. For the continued film, the growth 
rate of (10-11) InGaN is two times faster than (0001) InGaN, and the In composition 
is higher in semipolar (10-11) InGaN. 
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